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KIND OF ELEMENT, ITS PRODUCTION AND USE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the elution of Mn in an organic 
electrolytic solution of a lithium secondary battery by using a lithium 
manganese-based oxide having a spinel structure of a specific chemical composition 
containing at least another kind of element other than Li and Mn as a material of a 
positive electrode. 

SOLUTION: This lithium manganese-based oxide having a spinel structure is 
represented by the formula [the interior of { } denotes the position of an oxygen 
tetrahedron in the structure; the interior of [ ] denotes the position of an oxygen 

octahedron in the structure; 0<(x)≤0.33; 0<(y)≤l; -0.5<(d)<0.8] and contains at 1L J } rL1 ' k Wb&.*h®M& 

least another element (M) other than Li and Mn. The crystal structure is a cubic 

crystal and the lattice constant (a) is ≥8.19 and ≤8.24 &angst;. The other 

element M is selected from Be, Mg, Ca, Y, Ti, V, Cr, Fe, Cu, B, Al, Si, Pb, P and the 

like. Furthermore, the oxide preferably has 1-50 μm average agglomerated 

particle diameter, 0.1-5 m2/g BET specific surface area and ≤3 μm average 

primary particle diameter. The lithium manganese-based oxide containing the other 

element is produced by mixing respective compounds of the Mn, Li and the other 

element and baking the resultant mixture. 
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CLAIMS 
[Claim(s)] 

[Claim 1] A Spinel structure lithium manganese system oxide which is expressed with the following presentations and 
contains at least one kind of other type elements other than Li and Mn (M). 

{Li} [Lix-My-Mn(2-x-y)] 04+d (however, {} - inside - an oxygen tetrahedral site in structure, and [] - inside expresses an 
oxygen octahedral site in structure.) 0< x<=0.33, 0< y<=1.0, -0.5<d<0.8, and M are elements other than Li and Mn. 
[Claim 2] A Spinel structure lithium manganese system oxide containing an other type element according to claim 1 whose 
crystal structure is a cubic and the lattice constant a of whose is 8.19A or more and 8.24A or less. 

[Claim 3] These M elements That they are at least one sort of elements chosen from a group of Be, Mg, calcium, Sr, Ba, Sc, 
Y, Ti, Zr, V, Nb, Ta, Cr, Mo, W, Fe, Co, nickel, Cu, Ag, Zn, B, aluminum, Ga, In, Si, germanium, Sn, Pb, P, As, Sb, and Bi 
A Spinel structure lithium manganese system oxide containing an other type element of claim 1 and 2 publications by which it 
is characterized. 

[Claim 4] A Spinel structure lithium manganese system oxide containing an other type element according to claim 1 to 3 
characterized by for a diameter of average floe being 1-50 micrometers, and a BET specific surface area being 0.1-5m2/g. 
[Claim 5] A Spinel structure lithium manganese system oxide containing an other type element according to claim 1 to 4 
characterized by the first [ an average of ] particle diameter being 3 micrometers or less. 

[Claim 6] A Spinel structure lithium manganese system oxide containing an other type element according to claim 1 to 5 
characterized by M being Cr. 

[Claim 7] A Spinel structure lithium manganese system oxide containing an other type element characterized by being 0< 
x<=0.15 and 0.02<=y<=0.2 in claim 6. 

[Claim 8] A Spinel structure lithium manganese system oxide containing an other type element which other type elements M 
other than Li and Mn are two kinds of elements (M (1), M (2)), and is expressed with the following formula in a Spinel 
structure lithium manganese system oxide containing an other type element according to claim I to 5. 
Lix-Mn2-x-yl-y2, M(l) yl, and {Li} [M(2) y2] 04+d (however, {} -- inside - an oxygen tetrahedral site in structure, and [] 

inside expresses an oxygen octahedral site in structure.) 0< x<=0.33, 0<yl+y2 <=1 .0, -0.5<d<0.8 
[Claim 9] A Spinel structure lithium manganese system oxide containing an other type element according to claim 8 
characterized by one sort [ of an other type element to contain ] M (1) being Cr. 

[Claim 10] A Spinel structure lithium manganese system oxide with which M (1) is Cr among other type elements to contain, 
and M (2) contains claim 8 characterized by being a metal, and an other type element of nine publications at least in **. 
[Claim 1 1] A Spinel structure lithium manganese system oxide containing an other type element according to claim 8 to 10 
characterized by for M (1) being Cr among other type elements to contain, and M (2) being Fe. 
[Claim 12] A Spinel structure lithium manganese system oxide containing an other type element according to claim 1 1 
characterized by being 0< x<=0.15, 0<yl <=0.2, and 0<y2 <=0.2. 

[Claim 13] A manufacture method of a Spinel structure lithium manganese system oxide containing an other type element 
according to claim 1 to 12 characterized by using a manganic acid ghost whose diameter of average floe is 0.5-50 
micrometers as a raw material manganese compound in a method of manufacturing a Spinel structure lithium manganese 
system oxide which contains an other type element by mixing and calcinating a manganese compound, a lithium compound, 
and a compound of a content other type element. 

[Claim 14] A manufacture method of a Spinel structure lithium manganese system oxide containing an other type element 
characterized by shaping density of a raw material manganese compound according to claim 13 being three or more 2.7 g/cm. 
[Claim 15] A manufacture method of a Spinel structure lithium manganese system oxide which contains Na contained in a 
raw material manganese compound, and an other type element characterized by the amount of K being 500 ppm or less in a 
manufacture method of a Spinel structure lithium manganese system oxide containing claim 13 and an other type element 
given in 14. 

[Claim 16] A manufacture method of a Spinel structure lithium manganese system oxide which contains an other type element 
characterized by a BET specific surface area of a raw material lithium compound being more than lm2/g in a manufacture 
method of a Spinel structure lithium manganese system oxide containing an other type element according to claim 13 to 15. 
[Claim 17] A manufacture method of a Spinel structure lithium manganese system oxide containing an other type element 
characterized by using a lithium carbonate as a raw material lithium compound in a manufacture method of a Spinel structure 
lithium manganese system oxide containing an other type element according to claim 16. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran.. .522%2520BGCOLOR%3D%2522lightyellow% 



[Claim 18] A manufacture method of a Spinel structure lithium manganese system oxide containing an other type element 
characterized by for burning temperature being 500-1000 degrees C, and a firing environments being among atmospheric air 
in a manufacture method of a Spinel structure lithium manganese system oxide containing an other type element according to 
claim 13 to 17. 

[Claim 19] A manufacture method of a Spinel structure lithium manganese system oxide which contains an other type element 
characterized by calcinating after corning in a manufacture method of a Spinel structure lithium manganese system oxide 
containing an other type element according to claim 13 to 18 after mixing a manganese compound, a lithium compound, and a 
compound of a content other type element. 

[Claim 20] Li rechargeable battery characterized by using a content Spinel structure lithium manganese system oxide for an 
other type element according to claim 1 to 12 as positive active material in Li rechargeable battery which consists of 
nonaqueous electrolyte and a separator which dissolved a positive electrode, a negative electrode, and an electrolyte 
containing Li. 

[Claim 21] Li rechargeable battery characterized by setting to Li rechargeable battery of claim 20, and using as a 
negative-electrode active material a carbon system material electrochemically inserted and desorbed from a lithium ion. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the Spinel structure lithium manganese system oxide 
containing other type elements other than Li and Mn (M), and its manufacture method list use. 

[0002] A manganic acid ghost is a material used for many years as a cell active material. The lithium manganic acid ghost 
which is the quality of a composite of manganese and a lithium, and the lithium manganese system oxide which replaced some 
manganese of this lithium manganic acid ghost by the other type element are materials which attract attention in recent years 
as positive active material of the lithium secondary battery which can attain high power and high energy density. 
[0003] 

[Description of the Prior Art] It is called for that the positive-electrode material for lithium secondary batteries has high that a 
voltage operating space is high, that it is high discharge capacity, and cycle stability, and the multiple oxide of **s, such as Li 
and various metals, for example, Co, nickel, Mn, etc., is examined. 

[0004] If it is known that the two-step discharge with a flat part portion is shown and the 4V neighborhood and the 3 V 
neighborhood can be made to carry out the cycle of LiMn 204 of the Spinel structure which is a kind of the multiple oxide of 
Li and Mn reversibly in the operating space of the 4V neighborhood at the time of discharge, since it can expect to take out 
high energy, it is thought that it is promising as positive active material. 

[0005] However, when Mn in LiMn204 structure performed charge and discharge as a lithium secondary battery positive 
electrode, it turned out that it is eluted in organic electrolysis liquid in recent years. Furthermore, in the experiment of this 
invention persons, it was based on the class of electrolytic-solution system, and even if it did not perform charge and 
discharge, having saved LiMn 204 at 85 degrees C in organic electrolysis liquid also turned out that the amount of Mn in 
structure was eluted also about lmol%, and the property as a positive-electrode material fell remarkably after elution. 
[0006] It only saved for a long period of time, Mn in structure is eluted in organic electrolysis liquid, and this shows a 
possibility of stopping operating as a positive electrode for lithium secondary batteries, even if it does not perform charge and 
discharge, when LiMn 204 is used as a positive electrode for lithium secondary batteries. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the highly efficient lithium secondary 
battery which used for the positive electrode the highly efficient Spinel structure lithium manganese system oxide and this 
lithium manganese system oxide which controlled Mn elution in the inside of organic electrolysis liquid as a 
positive-electrode material for Li rechargeable batteries. 
[0008] 

[Means for Solving the Problem] As a result of this invention persons' inquiring wholeheartedly, it was expressed with the 
following presentations and a Spinel structure lithium manganese system oxide containing variety elements other than Li and 
Mn found out that the above-mentioned purpose could be attained. 
[0009] 

{Li} [Lix-My-Mn(2-x-y)] 04+d (however, {} ~ inside - an oxygen tetrahedral site in structure (8a site), and [] - inside 
expresses an oxygen octahedral site in structure (16d site).) 0< x<=0.33, 0< y<=l .0, -0.5<d<0.8. 

[0010] If a firing environments is a reducing atmosphere, this d value will turn into a value of minus, and will turn into a value 
of plus in an oxidizing atmosphere. M is elements other than Li and Mn. 

[001 1] Furthermore, a highly efficient lithium secondary battery using a Spinel structure lithium manganese system oxide 
containing a manufacture method of a Spinel structure lithium manganese system oxide containing Li of this invention and 
other type elements other than Mn (M), Li of this invention, and other type elements other than Mn (M) as positive active 
material was found out, and this invention was completed. 
[0012] 

[Function] Hereafter, this invention is explained concretely. 

[0013] The Spinel structure lithium manganese system oxides containing Li of this invention and other type elements other 

than Mn (M) are the following presentations. 

[0014] 

{Li} [Lix-My-Mn(2-x-y)] 04+d (however, {} - inside - the oxygen tetrahedral site in structure, and [] - inside expresses the 
oxygen octahedral site in structure.) 0< x<-0.33, 0< y<=1.0, -0.5<d<0.8, and M are elements other than Li and Mn. 
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It exists in the oxygen tetrahedral site in structure, the crystal structure is cubic Spinel structure as a product, and, as for these 
M elements, what forms the Spinel structure lithium manganese system oxide the lattice constant a of whose is 8.19A or more 
and 8.24A or less is desirable. 

[0015] In addition, as Spinel structure other than a cubic, although there is ****** etc., it becomes [ the energy taken out 
when action potential becomes low and constitutes Li rechargeable battery ] small and is not desirable. 
[0016] moreover, the lattice constant a - the above — if it becomes out of range, since the manganese in the structure will 
become unstable, Mn elution volume becomes large and is not desirable. 

[0017] These M elements are at least one sort of elements chosen from the group of Be, Mg, calcium, Sr, Ba, Sc, Y, Ti, Zr, V, 
Nb, Ta, Cr, Mo, W, Fe, Co, nickel, Cu, Ag, Zn, B, aluminum, Ga, In, Si, germanium, Sn, Pb, P, As, Sb, and Bi. 
[001 8] It is desirable that the diameter of average floe of the Spinel structure lithium manganese system oxide which 
furthermore contains the other type element of this invention is 1-50 micrometers, and a BET specific surface area is 
0.1-5m2/g. 

[0019] When the diameter of average floe is larger than this range, or when a BET specific surface area is smaller than this 
range An elevated temperature is required for manufacture, and since the high engine performance is hard to be obtained 
when it is used for a cell active material, are not desirable. Conversely, whqn the diameter of average floe is smaller than this 
range, or when a BET specific surface area is larger than this range, when using it for a cell active material, restoration nature 
is bad, and the problem of Mn tending to be eluted out of structure is easy to be generated and is not desirable. 
[0020] Moreover, as for the first [ an average of] particle diameter of the Spinel structure lithium manganese system oxide 
containing the other type element of this invention, it is desirable that it is 3 micrometers or less. When larger than this range, 
since the high engine performance is hard to be obtained when it is used for a cell active material etc., it is not desirable. 
[0021] y showing the amount of the other type element of the Spinel structure lithium manganese system oxide containing the 
other type element of this invention is the content of each other type element, when it is 0< y<=1.0 and contains two or more 
sorts of other type elements yl, y2, and y3 ... It is referred to as yn and is 0<yl+y2+y3+... It is +yn<=1.0. 
[0022] this — charge-and-discharge capacity of the total amount of y decreases, and it is not desirable at 1.0 or more. The 
amount x which exists in the oxygen octahedral site at the time of setting to 1 the amount which Li in the Spinel structure 
lithium manganese system oxide containing the other type element of this invention exists in both the oxygen tetrahedral site 
in structure and an oxygen octahedral site, and exists in an oxygen tetrahedral site is 0< x<=0.33. 

[0023] It becomes [ the single phase structure of Spinel structure is not acquired, or the elution volume of Mn to the inside of 
organic electrolysis liquid becomes large, and / also when larger than this range / charge-and-discharge capacity ] small 
preferably, and is not desirable when the total amount of Li is less than one. 

[0024] this — in the case of 0<=x<=0.15, a large capacity can be taken, and Mn elution volume is stopped low, and the value 
of x is especially desirable. 

[0025] Cr is desirable when the number of elements other than Li of this invention and Mn is one. 

[0026] When an other type element is Cr, the empirical formula is as follows. 

[0027] 

{Li} [Lix-Mn2-x-y-Cry] 04+d (however, {} -- inside « the oxygen tetrahedral site in structure, and [] » inside expresses the 
oxygen octahedral site in structure.) 0< x<=0.33, 0< y<=I .0, -0.5<d<0.8 

In this case, it is desirable that it is 0< x<=0.15 and 0.02<=y<=0.2. Furthermore, other type elements other than Li and Mn are 
expressed with the following formula when it contains two sorts (M (1), M (2)). 

[0028] Lix-Mn2-x-yl-y2, M(l) yl, and {Li} [M(2) y2] 04+d (however, {} - inside - the oxygen tetrahedral site in structure, 
and [] - inside expresses the oxygen octahedral site in structure.) 0< x<=0.33, 0<yl+y2 <=1.0, -0.5<d<0.8, M (1), and M (2) 
are elements other than Li and Mn. 

It is desirable that one sort [ of the other type element to contain ] M (1) is Cr, and, as for M (2), it is desirable that at least ** 
is a metal. 

[0029] It is more desirable that M (1) is Cr among the other type elements to contain, and M (2) is especially Fe, and it is 
expressed with the following formula in that case. 

[0030] {Li} [Lix-Cryl, Fey2, and Mn2-x-yl-y2] 04+d (however, {} - inside - the oxygen tetrahedral site in structure, and [] 
~ inside expresses the oxygen octahedral site in structure.) 0< x<=0.33, 0<yl <=0.5, 0<y2 <=0.5, -0.5<d<0.8 
In this empirical formula, it is desirable that it is 0< x<=0.15, 0<yl <=0.2, and 0<y2 <=0.2. 

[0031] When content Spinel structure lithium manganese system oxides are Li, Mn, and a Spinel structure lithium manganese 
system oxide that contains at least one kind of other type elements other than Li and Mn (M) further and use Li for a cell 
active material or Li adsorption material for the other type element of this invention further as mentioned above in the oxygen 
tetrahedral site in structure at an oxygen octahedral site, it has the particulate structure which becomes highly efficient. 
[0032] A content Spinel structure lithium manganese system oxide can carry out the manufacture method of the other type 
element of above-mentioned this invention by mixing a manganese compound, a lithium compound, and the compound of a 
content other type element, and calcinating. 

[0033] Be [ what is necessary / just although the compound to mix can generate an oxide below with burning temperature in 
an oxide a hydroxide, an oxidation hydroxide, a carbonate, a chloride salt, a nitrate, a sulfate, etc. ], especially an oxide, a 
hydroxide, an oxidation hydroxide, and a carbonate are desirable from the effect which it has to the environment of reactivity 
and waste gas. 

[0034] It is indispensable to use the manganic acid ghost whose diameter of average floe is 0.5-50 micrometers as a raw 
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material manganese compound, and it is desirable to use that whose shaping density of the raw material manganese compound 
is three or more 2.7 g/cm. 

[0035] Since it is difficult to obtain what satisfies the fine-particles property of the Spinel structure lithium manganese system 
oxide containing the other type element of this invention, it is not desirable to use the manganic acid ghost outside this range. 
[0036] It is desirable to use Na furthermore contained in a raw material manganese compound and the thing whose amount of 
K is 500 ppm or less, and when there were many these Na and amounts of K and a product is used for a cell active material, it 
is difficult to create highly efficient Li rechargeable battery. 

[0037] In the manufacture method of the Spinel structure lithium manganese system oxide containing the other type element 
of this invention, it is desirable to use the lithium compound whose BET specific surface area is more than lm2/g as a raw 
material lithium compound. 

[0038] If a carbonate, a nitrate, a chloride salt, a hydroxide, an oxide, etc. are illustrated as a lithium compound and the 
lithium carbonate especially whose BET specific surface area is more than lm2/g is used, also in atmospheric air, the Spinel 
structure lithium manganese system oxide which contains a uniform other type element easily can be manufactured, and it is 
very desirable. 

[0039] Burning temperature [ in / for the other type element of this invention / manufacture of a content Spinel structure 
lithium manganese system oxide ] is suitably chosen so that a desired fine-particles property may be acquired from the range 
of 500- 1000 degrees C. 

[0040] burning temperature — this - it is hard to become the range of the request of the BET specific surface area and/or the 
diameter of a primary particle of a product by being out of range and is not desirable. 

[0041] Although both the inside of atmospheric air and the oxygen rich ambient atmosphere of the ambient atmosphere at the 

time of baking are usable, the ease of the structure of a firing furnace to the inside of atmospheric air is desirable. 

[0042] In the aforementioned manufacture conditions, especially the thing for which the method shown below is adopted is 

desirable. 

[0043] 1. How to calcinate, after mixing manganese compound, lithium compound, and compound of other type element and 
corning. 

[0044] 2. How to calcinate, after calcinating, mixing lithium compound and/or compound of content other type element and 
corning [ mixing, a granulation, and ] manganese compound and lithium compound. 

[0045] 3. Calcinate after mixing any one sort of a manganese compound, a lithium compound, and the compound of a content 
other type element after calcinating, mixing, a granulation, and, and corning a manganese compound, a lithium compound, 
and the compound of a content other type element. 

[0046] Furthermore, if it can be made homogeneity when mixing a raw material, it is also suitable to calcinate being able to 
adopt any methods of the usual method and mixing like rotary kiln. 

[0047] As for the manufactured Spinel structure lithium manganese system oxide, it is desirable to perform grinding and a 
classification timely. 

[0048] In this invention, Li rechargeable battery using the Spinel structure lithium manganese system oxide manufactured as 
mentioned above as positive active material was produced. 

[0049] The material which can occlusion emit a lithium or a lithium ion can be used for the negative-electrode active material 
used with the lithium secondary battery of this invention at a metal lithium list. For example, a metal lithium, a lithium / 
aluminium alloy, a lithium / tin alloy, a lithium/lead alloy, and the carbon system material electrochemically inserted and 
desorbed from a lithium ion are illustrated, and insertion and the carbon system material which de** are electrochemically 
suitable especially from the field of safety and the property of a cell in a lithium ion. 

[0050] Moreover, as an electrolyte used with the lithium secondary battery of this invention, although there is especially no 
limit, it can use what dissolved lithium salt, and the solid electrolyte of lithium ion conductivity into organic solvents, such as 
carbonate, sulfolanes, lactone, and ether, for example. 

[005 1] The Spinel structure lithium manganese system oxide of this invention was used for positive active material, and the 
cell shown in drawing 1 was constituted. 

[0052] The lead wire for 1 :positive electrodes, the mesh for 2: positive-electrode current collection, 3:positive electrode, 
4:separator, 5:negative electrode, the mesh for 6:negative-electrode current collection, the lead wire for 7:negative electrodes, 
and 8: container are shown all over drawing. 

[0053] In this invention, a stable highly efficient lithium secondary battery can be obtained using the positive active material, 
the negative-electrode active material, and lithium salt content nonaqueous electrolyte which have been described above. 
[0054] Although an example is described below, this invention is not limited to this. 
[0055] 

[Example] Each measurement in the example and the example of a comparison of this invention was carried out on condition 
that the following. 

[0056] - The XRD pattern was measured on condition that the following. 
[0057] 

Measurement model : Mac Saiensu-Sha MXP-3 exposure X-ray : Cu K alpha-rays measurement mode : Step scan scan 
conditions: Per second 0.04-degree measurement time amount : 3-second measuring range : 80 degrees and a component 
analysis were performed by ICP spectroscopy from 5 times as 2theta. 
[0058] - Whenever [ oxidation / of Mn element ] was performed by the oxalic acid method. 
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[0059] As "composition of Spinel structure lithium manganese system oxide" example, and an example of a comparison, it 
compounded by the following methods. 

[0060] Cr is used as an example 1 - a 5 other-type element M. Mn02 (electrolytic manganese dioxide by TOSOH CORP.) 
whose diameter of average floe is 20 micrometers, the lithium carbonate (Li2C03) whose BET specific surface area is 3m2/g, 
and the chrome oxide (Cr 203) whose diameter of average floe is 1 micrometer change the ratio of Cr and Mn. After having 
carried out weighing capacity of the amount of Li(s) in the following empirical formulas so that the value of x might become 
fixed by 0.06 (Li:(Li+Mn+Cr) =1 .06:3.00), often mixing with a mortar and carrying out temporary quenching at 450 degrees 
C for 24 hours, it calcinated at 750 degrees C for 24 hours. 
[0061] 

The photograph which observed the particulate structure of the Spinel structure lithium manganese system oxide obtained in 
the Li0.06 and {Li} [Cry-Mn(2-0.06-y)] 04 example 3 by one 20,000 times the scale factor of this using SEM is shown in 

drawing 2 . 

[0062] It became clear from this drawing that all the diameters of a particle primary particle of the Spinel structure lithium 
manganese system oxide obtained in the example 3 are 1 micrometer or less, and the first [ an average of] particle diameter is 
1 micrometer or less. 

[0063] Moreover, it presumed that the structure of the obtained Spinel structure lithium manganese system oxide was the 
above-mentioned chemical formula by the lattice constant value and Rietveld analysis by the X diffraction. 
[0064] In example 6 example 3, the last burning temperature was made the same from 750 degrees C except having made it 
high at 900 degrees C. 

[0065] The photograph which observed the particulate structure of the obtained Spinel structure lithium manganese system 
oxide by one 20,000 times the scale factor of this using SEM is shown in drawing 3 . 

[0066] The diameter of a primary particle of the obtained Spinel structure lithium manganese system oxide became clear [ the 
thing of particle diameter / first / an average of / which is included also for a particle 1 micrometers or more and which is 3 
micrometers or less ] from this drawing, although it was. 

[0067] Except that the amount of Li(s) was made for the value of x to be set to 0.02 in example 7 example 4, it was 
presupposed that it is the same. 

[0068] It was presupposed except having used Co instead of Cr in eight to example 10 examples 2-4 that it is the same. 
[0069] In addition, Co raw material used basic cobalt carbonate. 

[0070] It was presupposed except having used nickel instead of Cr in 1 1 to example 13 examples 2-4 that it is the same. 
[0071] In addition, nickel raw material used basic nickel carbonate. 

[0072] It was presupposed except having used Fe instead of Cr in 14 to example 16 examples 2-4 that it is the same. 
[0073] In addition, Fe raw material used Fe 304. 

[0074] As an other type element M 1 of the example 1 7 first, carry out Fe use as second other type element M2, and Cr is set 
to the following empirical formula. The value of x the amount of Li(s) 0.01 (Li:(Li+Mn+Cr+Fe) =1.01:3.00), The value of yl 
carries out weighing capacity of Cr 203 which are Mn02 whose diameter of floe is 20 micrometers so that the value of 0.1 
and y2 may be set to 0. 1, Li2C03 whose BET specific surface area is 3m2/g, and 1 micrometer of diameters of average floe, 
and Fe304. After often mixing with a mortar and carrying out temporary quenching at 450 degrees C for 24 hours, it 
calcinated at 750 degrees C for 24 hours. After having carried out weighing capacity of Mn02 (electrolytic manganese 
dioxide by TOSOH CORP.) whose diameter of LiO.01, CrO.l, FeO.l, and example of {Li} [Mnl.79] 04 comparison 1 floe is 
20 micrometers, and the lithium carbonate whose BET specific surface area is 3m2/g so that it might be set to x= 0.0 
(Li:Mn=l. 00:2.0), often mixing with a mortar and carrying out temporary quenching at 450 degrees C for 24 hours, it 
calcinated at 750 degrees C for 24 hours. 

[0075] The product showed the same pattern as LiMn 204 of the JCPDS card 35-782. 

[0076] It carried out on the same conditions as the example 1 of a comparison except having been referred to as x= 0.06 
(Li:Li+Mn=l. 06:3.0) in the example 1 of example of comparison 2 comparison. 

[0077] It carried out on the same conditions as the example 1 of a comparison except having been referred to as x= 0.10 
(Li:Li+Mn=l .10:3.0) in the example 1 of example of comparison 3 comparison. 

[0078] It mixed so that it might be set to example of comparison 4 Li:Cr:Mn=0.95:0.2: 1 .80, and it calcinated on condition 
that the example 1 of a comparison. 

[0079] The product of an example and the example of a comparison was cubic Spinel structure single phase except example 
of comparison 4. 

[0080] It sank into 15ml of electrolytic solutions which dissolved [ the lithium manganese system oxide produced in "Mn 

elution test" example and the example of a comparison ] each the 6 phosphorus-fluoride acid lithium for 3 g in the mixed 

solvent of ethylene carbonate and dimethyl carbonate by the concentration of one mol / dm3, and the 85 degrees C of the 

amounts of Mn after holding for 100 hours and in the electrolytic solution were analyzed by ICP spectroscopy. 

[008 1 ] The result was shown in a table 1 . 

[0082] 

[A table 1] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cg 
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[0083] The cell trial was performed using the sample after the lithium manganese system oxide obtained in the "configuration 
of cell" example, and the example of a comparison, and said Mn elution test. The cell trial mixed a sample, the 
polytetrafluoroethylene of an electric conduction agent, and the mixture (trade name: TAB-2) of acetylene black at a rate of 
2:1 by the weight ratio. After fabricating mixture by the pressure of 1 ton/cm2 on a mesh (SUS 3 16) at a pellet type, reduced 
pressure drying was carried out at 200 degrees C for 24 hours. 

[0084] Thus, use the obtained pellet for the positive electrode of 3 of drawing 1 , and the lithium piece clipped out from a 
lithium foil (0.2mm in thickness) is used for the negative electrode of 5 of drawing 1 . The separator of 4 of drawing 1 is 
made to carry out impregnation of the solution which dissolved the 6 phosphorus-fluoride acid lithium in the mixed solvent of 
propylene carbonate and diethyl carbonate by the concentration of one mol / dm3 to the electrolytic solution. Moreover, the 
cell which showed the lithium ion electrochemically to the negative electrode at drawing 1 using the carbon system material 
from which it is inserted and desorbed was constituted. 

[0085] The lithium manganese system oxide produced in "evaluation of cell property" example and the example of a 
comparison was used for positive active material, the cell was produced, and cell voltage repeated charge and discharge 
between 4.5V and 3.5V with the fixed current of 1 .0 mA/cm2. 
[0086] The test temperature was carried out at a room temperature and 50 degrees C. 

[0087] Initial capacity, the capacity maintenance factor (% of the discharge capacity of 50 cycle eye to 10 cycle eye), and the 
elution test maintenance factor (% to the initial capacity before the elution test of the capacity after an elution test) were 
shown in a table 1 . 
[0088] 

[Effect of the Invention] There is little Mn elution in an organic solvent, and even if the Spinel structure lithium manganese 
system oxide of this invention demonstrates the charge-and-discharge cycle nature stabilized by even after the mothball and 
performs charge and discharge at an elevated temperature further, there is little deterioration. 
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[0 04 3] 1. vytfyte&tobV+VMt&foRV 

mmKmcoitsmzm^ixfr^mfLLti®. m&-t& 

[0 044] 2. •?y#>fc&%l}tVf-i7Mt-&lfot& 

[0045] 3 . -vytfyit&fa. y f-^A-ft-Mttt/ 

cOV^#xj&> 1 Lite ttlftt* . 

[ 0 0 4 6 ] § Kfl*a-^-4*^-fc:-rsc: 

ttfx-ztuf. m&niffi;cr>\\fr*i:himijUmx'* . 

[0047] «JSLfc^tr*;Ht3ty 

[0048] *^HJT(±, fflifcO «t 3 fc l/OHSiLfcX 
t"*;W«}g t» -t^/ A v y # y jRIJMMfcfc JESiSttK 1 1 

[0049] *»Bfl<oy f-^AZi^ifiT-ffl^SftffiSS 

a. £JB y AMt/t y **7j±$.iz\± 
4*y*mm&^m^m*m^hzti?x'%z>> m 
^Ryf-^A, y^-^A/r^s-^A^, y 

ti. nstu&mtzv+vj»4 *y*m\ ■ mwtzm 
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[0050] ±tl. *^«oyf-^AZiJ^MX'ffl^S 

W8lt>f(c 'J ^Aifi£?§jj? L^c 1><D^ y f->A>f :* 
[005 1 ] *5MH«xt*AflKe , J +- f Jhr?vtiy& 

10 [0052] H+fciJWt. 1 : iESfflU- K*. 2 : 
jE«*«JjJ.X-y;oL, 3 : Effi. 4 : -fettl"-*, 5 : 
6 : ftfttW'yya. 7 : ftffiffly-FtfL 

8 : 

[0053] *»gj-Ctt, ULhifi^T S feJEflfiJgfllW, 
Mffi-iSWfci: V'y *^AJS£*#*m»«£JH^-t . 
3?€*B1tffi* 'J AZ?*«it!!iH# & £ k #T'# 6 . 

[0054] eiTiatffiiSfi^&a 1 , *wBtti*i(dH 

[0055] 

[0056 ] i - XRDW-yimTey&ftX-Mfel 

fc. ' ... 

[0057]", 

ili^iiffl : V'y^tf^xyxtt MXP-3 

Bg»X« :,Cu 

ai^^E- F : Xf y TXdf A- > 

x^^y^-.mpo. 0 4S 

30 aSSEH : 2^k LT5J£#»A>80£ 
■ ffljS^«f(± I C P4»6i6-Cff ofc. 
[0 0 58] • Mn7C*(?D»{bKttLU)'5»ffi , Ctf-> 
fc. 

[0059] irxe^/^jsyf-^Avy^y^tt 

[0 0 60] HttMl-5 

ftilttTC^M tUCrML. 3 F*WBfi : F€E* t 2 0 
ju mc7)M n 0 2 ( *V Ht*AttlWIIZ|)HtV V^f 
40 y) tBETJt^ffi«^3mVg^»yf->A (L 
i 2 C 0 3 ) fcT^Jefc&^FgjftS 1 // mOMAt? OA ( C 
r 2 0 3 ) r fcMnOit^^^t^-ti-, tlT««st 
tfcVvtL iS£xtf>1I#0. 06 (Li: (Li+M 
n + C r ) = 1 . 06:3. 00) T—fcliZftli. 0 (C 
ft ft L . ?L#T' J: < Lfc^. 4 5 0 °CX 2 4 ^rRHR 
ML^f*, 7 5 0iCT*2 4«5ISBBtft Ufc.. 
[006 1] 

{Li| [ L i o. 06 - C r y • M n(2-o. 06-y) ] O4 

9mM3 X&hivrzA v*>vw& 'J f^Avy^'yis 

50 ^HK^^flBSiSEMSrfflU. 2 0. 0 0 0fg<7)f§* 
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[0062] HJfiM3Tll=^^Xb°^ 
ifi 1 jw mJSlTOb 0 . 1 ^ mJjTFT#> 

C o o 6 3 ] f# biitcxvwmia.Vi'VJi-rytf 

Srtl SteMfeffl&tm i e t v e 1 d^Mfffc i 0« 

£L£. 

[0064] mme 

mmm 3 tfcu-c , &&cr>mm§j£$: i 5 o'ca>£ 9 o 

[0065] %h1xtzx\z*tvm&)l~*7JU~?ytfy%k 

mimcnm^mm^ sEmmw 20, ooo««ig 
mxwm ttz^mm 3 t^-t. 

[00 6 6] ZCOmfrb. %L>tltzX\:*)Vim. x )1-*7 

^ytfymLim^KWFffifi l ^ mljLtcoe^t 
# 4 ft £ V > 4 #\ ¥%"»SS^SI4 3 ju m VXYX'fo h Z 

[0067] mmi 

mmm 4 ttj v vc l i is- x coiia* 0. 0 2 5 «t 5 
[0068] mmm8-i 0 

Uttffll 2 ~4 IZ&^X C r *) IZC o £ ftffl I fcJSl 
MiR-i: Lit. 

[0069]^, c osmaisatt&Bp'Krt' h 

[00 70] HJfcMl 1~1 3 

[ 0 0 7 1 ] 3rJ3, N i JSfl(±*£ttilfi^-y $r/l,£4£ 

[00 7 2] 1 6 

Htt0!l 2 ~4 CIS^T C r 0 fc F e L 

[0073]^, FemmFesCH&miUc. 

[0074] mmm 1 7 

Sg-cOffiSTt^M UUCrJ, J&ZOffittTtsSIM 2 
fcLTFeffifflU TffifflJfeSfcfcVvc. Lii£x<D 
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1 0 

m { 0. 01 (Li: (Li+Mn + Cr + Fe) = 
1.01:3. 00), yl cOffl^O . 1 , y 2cr>{§.tf 
0. 1 IiZKcZ) <£ 0 iZMWSrf^tfi 2 0/i m(7)M n O2 , 

*WgUmOCr203Sf f Fe3O4^ffiU ?L 
«rc«t < m& Ltdk, 4 5 0 °CT 2 4 Ift^fiffi Lfct* - . 
7 5 0 < CT'2 4B#ra^«LJt. {Li} [Lio.oi- 
Cro.i • Feo.i • M ni. 79 ] O4 • 

JH8W1 

10 mmLl-m^20 um<r,MnOi (JKV-«o*4rttWt 
JSZBHfcV >-^> ) t BE Tit*ffl«* { 3mVgt& 
SMg'J^ASrx^. 0 (Li : Mn=l. 00: 
2 . 0 ) fc & h «fc 5 (cfffi L . ?L#T' i < fi£ Ltzm. 
4 5 0 °CT" 2 4 IftSlftft Lfcft. 7 5 OXIX' 2 4 flfflSjft 

[0075] &$mtJCPDStt-Y35-7 82<7> 
L i Mn 2 0> tffl&Wf—yZmLtZ. 

[0076] \\um2 

VtMffll Tx = 0 . 06 (Li : Li+Mn = l. 0 

20 6 : 3..0) t Lizwmtmm l t H-W&tt-Cff -5 
[0077] mm 

ttMffllX'x-q., 1 0 (Li : Li+Mn = l. 1 
0:3. 0 ) t LJtJ3lW4Jt«M 1 iiffi-O&ttTfiro 

[0078] 

Li : Cr : Mn=0. 95:0. 2:1. 8 0fc&l> 

<t 5 izM^ l . mm l tf>*frT*&£Lfc . 
[0079] II^JfciVitKM^o^!fij{iit*^J4m 

[0080] >M njgffli&lj Hlfcfflte itflHfiWTfP 

s?L£yf-?i^v#y^i^tti£#3g£*7WLLi 

^- h fc i;* t)vti-m^- bo^mizmmitzm 
mm 1 5m 1 iz-smt. 85°c, 1 oob$^»u^ 

[0081 ] ^^SlCSLit. 

[0082] 

[*1] 
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[oo83] rcffloflutj mmmaxutmrnvn^ 

-/ 9<n®£M (ffifli* :TAB-2)J, MSjtX'2 : 
KOffte-Cil^Lfc. MS®* 1 t o n/cm^^JE^ 
t^ 7 ya(SUS 3 16) ±£^W 7 htfKjfc^ 

Lfca - 2 o o 'ct 2 4 mniMBaas l t . 

[0084] ZCDmiZLZnbtltl^U-y h£01?)3 

0. 2mm) j^WOftVVfc'Jf-^AK-fcJij^ tffiffi 
C{±7v7 y -ft l> V +*J A £ 1 W/ d m^ OJiftKT 

SattSWPLfc»?at*0 1 04^-fey <u-^-t:*ais 

JKttt &M&*ffi£ffiff! LT0 1 fc* LfcSft£*j£ 
Lfc. 

[0085] rmffi&nmsi wmt5Z.vtiM.wx' 

■CWftSrfHBL. 1. OmA/cm'W- JgHStC. m 

ift*JEE#>'4. 5VA^3. 5 V^^H^T'^ftm£^*93IL 
[0086] wm&mim&t 5 o*ccsitiufc. 

[0087] lUlcWWgft, SJHB** (101M? 



[0088] 

m.min ~>x \ 

[Hi] *^oxtr^^gu^^Avy^y^B!-(t; 
[ft^lBBfl] 

1 riEafflu-m 

2 : Illlffl^yy.. 

3 : iE* 

4 : -feAU— ? 

5 : $m 

6 : ilffiSflmX'/i/.* 
8 

[02 ] H)5tM3Tl#^^xt'^;kffijty f-^A-ey 

[03 ] nMM6x"& htitzx\z*>vmm+ i 7J*'?> 
tfymiimwikTffimtftrzxx'h * . 



(8) 



ft IH¥ 11-71115 



[01] 



q> fruffi 



ft* 



[122] 



(9) 



ttHFPl 1-71115 



[123] 




(51) Int. CI. 6 

H 0 1 M 4/58 
10/40 



F I 

H 0 1 M 4/58 
10/40 



Z 



